background: There is increasing use of cryopreservation in IVF. This study compared singletons born after cryopreservation with singletons born after fresh IVF cycles and singletons born to women in the general population. and double embryo transfer (DET) after cryopreserved (n ¼ 2348) and fresh cycles (n ¼ 8944) were included and cross-linked with the Swedish Medical Birth Registry and compared with all singletons born after spontaneous conception (n ¼ 571 914). Main outcomes were preterm and very preterm birth and low and very low birthweight (VLBW). Other outcomes were small for gestational age, large for gestational age (LGA), perinatal mortality and maternal outcomes.
Introduction
Cryopreservation of embryos has long been a well-established method in assisted reproductive technology (ART) and yields satisfactory pregnancy and live birth rates. In the latest European survey (de Mouzon et al., 2010) , cryopreservation cycles accounted for 19% of all IVF cycles performed in Europe and 15% of all deliveries after ART. In some countries (Finland, Australia) , cryopreservation cycles constitute a higher proportion of all ART cycles (Wang et al., 2005; de Mouzon et al., 2010) ; the number in Finland is close to the number of fresh cycles. The increasing use of single embryo transfer (SET) in fresh cycles results in more embryos available for cryopreservation. Safety aspects of different techniques used in ART are always of much concern. For IVF children in general, including singletons, higher rates of preterm birth and low birthweight (LBW) have been reported in a huge number of publications (Klemetti et al., 2002 (Klemetti et al., , 2006 Helmerhorst et al., 2004; Jackson et al., 2004; McDonald et al., 2009; McGovern et al., 2004; Schieve et al., 2004 Schieve et al., , 2007 , even after extensive adjustments for known confounders (Bergh et al., 1999; Sazonova et al., 2011a,b) . Outcome for children born after cryopreservation IVF cycles was recently summarized in a systematic review (Wennerholm et al., 2009) : singletons born after cryopreservation IVF cycles had a similar or even better outcome, when assessed as rates of preterm birth and LBW, than singletons from fresh IVF cycles. Two recent large registry studies from Denmark and Finland (Pelkonen et al., 2010; Pinborg et al., 2010) confirm a better outcome for children born after IVF with cryopreserved embryos.
The aim of this study was to compare perinatal outcome for singleton children born after cryopreservation of embryos with that of singletons born after fresh IVF cycles and after spontaneous conception, after separating the results for SET. Maternal outcomes were also compared.
Materials and Methods
Data were collected from all IVF clinics in Sweden, for IVF treatments during the years [2002] [2003] [2004] [2005] [2006] . All reported singletons from cryopreserved IVF cycles (n ¼ 2348) and singletons from fresh IVF cycles (n ¼ 8944) born in Sweden during this time period were included. Data collected from the IVF clinics included: personal identification number of the women, IVF/ICSI, fresh/cryopreserved, ejaculated/epididymal/testicular sperm, donated/own oocytes, number of oocytes retrieved, cleavage stage/ blastocyst stage transfer, date of embryo transfer, number of embryos transferred, number of cryopreserved embryos, number of gestational sacs at first ultrasound and date for ultrasound, date of delivery, number of children born.
Data from the IVF clinics were cross-linked with the Swedish Medical Birth Registry (National Board of Health and Welfare, 2003) and compared with all non-IVF singleton children born during the same time period (n ¼ 571 914), and obstetric outcomes were retrieved. The main outcome measures were: preterm birth (,37 weeks), very preterm birth (,32 weeks), extreme preterm birth (,28 weeks), LBW (,2500 g) and very LBW (,1500 g). Other outcome measures were: small for gestational age (SGA) (.2 SD below the Swedish growth standard, less than 222%) (Marsál et al., 1996) , large for gestational age (LGA greater than +2 SD, LGA greater than +3 SD) [.2 SDs above the Swedish growth standard (greater than +22%) or more than 3 SDs above the Swedish growth standard] (Marsál et al., 1996) , macrosomia (.4500 g, .5500 g), perinatal mortality (stillbirths and neonatal deaths ,7 days), Apgar score ,7 at 5 min and rate of Caesarean section. We also analysed composite outcomes (,37 weeks, ,2500 g, SGA or perinatal mortality) and serious composite outcomes (,32 weeks, ,1500 g or perinatal mortality). Maternal outcomes included: pre-eclampsia [International Classification of Diseases (ICD) 10 codes O.14, O.15], gestational diabetes (ICD code O.24.4), placenta praevia (ICD 10 code O.44), placental abruption (ICD 10 code O.45) and preterm premature rupture of the membranes (PPROM) (ICD 10 code O.42).
Gestational age was determined from the second trimester ultrasonography for both IVF and non-IVF pregnancies.
Statistical methods
Descriptive data are given as numbers and percentages.
For comparison between IVF children and the general population, odds ratios (ORs) were obtained using the Mantel-Haenszel procedure. When specified, stratification was made for the year of birth (1-year interval), maternal age at delivery (classes: ,20, 20 -24, 25-29 and 1-year interval up to 45 years of age), parity (number of previous children +1), maternal smoking at the first antenatal visit (not known, none, smoking ,10 cigarettes per day, smoking ≥10 cigarettes per day), maternal BMI at the first antenatal visit (not known, ,20, 20 -24.9, 25 -29.9 and ≥30 kg/m 2 ) and number of years of involuntary childlessness before the pregnancy (0, 1-2, 3-4, 5 years or more). Approximately 95% confidence intervals (CIs) were calculated using the method proposed by Miettinen (1974) . Comparisons between singletons from cryopreserved SET/DET and singletons from fresh SET/DET were performed using logistic regression analysis. When it is specified, adjustments were made for maternal age (years, second-degree model), primiparity (yes/ no), maternal smoking (semicontinuous variable 1 ¼ no smoking, 2 ¼ smoking ,10 cigarettes per day, 3 ¼ 10 cigarettes per day or more), involuntary childlessness (years, continuous variable) and maternal BMI (continuous variable). Crude and adjusted OR (AOR) with 95% CI were calculated using Gauss (Gauss TM , Aptech Systems Inc., Maple Valley, WA, USA, http://www.aptech. com).
Results

Perinatal outcomes
Maternal characteristics are described in Singletons from cryopreserved SET/DET versus singletons from the general population
When comparing singletons from cryopreserved SET/DET cycles with singletons from the general population (Tables II and III) , significantly higher rates of extreme preterm birth (,28 weeks) (AOR 1.92, 95% CI 1.12 -3.93), macrosomia (.4500 g) (AOR 1.29, 95% CI 1.04 -1.59) and LGA (greater than +2 SD) (AOR 1.48, 95% CI 1.22 -1.81) were found for singletons from cryopreserved cycles. The rate of Caesarean section was also significantly higher in cryopreserved cycles. For other outcomes (,32 weeks, ,37 weeks, ,1500 g, Apgar score ,7
5
, composite outcomes), significantly increased crude ORs were noted but disappeared after adjustment for confounders.
Singletons from cryopreserved SET with DET excluded versus singletons from the general population When comparing singletons from cryopreserved SET cycles versus singletons from the general population (Tables II and III) significantly increased rates of extreme preterm birth (,28 weeks) (AOR 1.99, 95% CI 1.04 -3.81), macrosomia (.4500 g) (AOR 1.35, 95% CI 1.05 -1.74) and LGA (greater than +2 SD) (AOR 1.51, 95% CI 1.19 -1.92) were found for children from cryopreserved cycles. For other outcomes (,32 weeks, ,37 weeks, ,1500 g, Apgar score ,7
5 , Caesarean section, serious composite outcome), significantly increased crude ORs were noted but disappeared after adjustment for confounders.
Singletons from cryopreserved SET/DET versus singletons from fresh SET/DET
When comparing singletons from cryopreserved SET/DET cycles with singletons from fresh SET/DET cycles, significantly lower rates of LBW (,2500 g) (AOR 0.76, 95% CI 0.60 -0.95) were found (Tables II and IV) for the cryopreservation cycles. Significantly higher rates of macrosomia (.4500 g) (AOR 1.46, 95% CI 1.15 -1.85),
LGA (greater than +2 SD) (AOR 1.59, 95% CI 1.26 -1.99), low Apgar score (AOR 1.42; 95% CI, 1.00 -2.01) and perinatal mortality (AOR 1.90, 95% CI 1.03 -3.54) were observed for the infants from cryopreserved cycles. For other outcomes (,28 weeks, SGA), significantly lower crude ORs were noted but disappeared after adjustment for confounders. When the two composite outcomes (,37 weeks, ,2500 g, SGA or perinatal mortality) and (,32 weeks, ,1500 g or perinatal mortality), respectively, were analysed, no significant difference was found between singletons from cryopreserved versus fresh cycles.
Maternal outcomes
Singleton pregnancies from cryopreserved SET/DET or cryopreserved SET cycles versus singleton pregnancies from the general population
Maternal outcomes are described in Tables II and III . When comparing maternal outcomes for singleton pregnancies from cryopreserved SET/DET cycles with singleton pregnancies from the general population, a significantly higher rate of pre-eclampsia was noted (AOR 1.25, 95% CI 1.03 -1.51) (Table III) . For other outcomes (gestational diabetes, placenta praevia and PPROM), significantly increased crude ORs were noted but disappeared after adjustment for confounders. 
References (all non-IVF singletons in the general population), n (%) When comparing singleton pregnancies from cryopreserved SET cycles with singleton pregnancies from the general population, significantly increased crude ORs were noted for pre-eclampsia and placenta praevia, but disappeared after adjustment for confounders (Table III) .
Singleton pregnancies from cryopreserved SET/DET versus fresh SET/DET cycles
When comparing singleton pregnancies from cryopreserved SET/DET versus fresh SET/DET cycles (Tables II and IV) , significantly higher rates of pre-eclampsia were noted (AOR 1.32, 95% CI 1.07-1.63) while significantly lower rates of placenta praevia were found for pregnancies from cryopreserved cycles (AOR 0.32, 95% CI 0.19 -0.55) (Table IV) .
Discussion
This large national registry study including a complete cohort of singletons from cryopreserved/thawed cycles showed that singletons from cryopreservation cycles (both SET/DET and only SET) had a higher rate of extreme preterm birth (,28 weeks) than singletons from the general population. A higher rate of Caesarean section was also noted for SET/DET singletons from cryopreserved/thawed cycles, while for many obstetric outcomes increased crude ORs were noted but disappeared after adjustment for confounders. In comparison with singletons from fresh cycles, singletons from cryopreserved/thawed cycles had a lower rate of LBW but a higher rate of perinatal mortality. The rates of LGA and birthweight .4500 g were significantly increased for the singletons from the cryopreservation cycles, both in comparison with the general population and in comparison with singletons from fresh cycles. For maternal outcomes, a higher rate of pre-eclampsia was noted for singleton pregnancies from cryopreservation cycles than for singleton pregnancies from the general population and also compared with singleton pregnancies from fresh cycles, while a lower rate of placenta praevia was noted in comparison with fresh cycles.
The strength of the present study is that it is large and includes a complete national cohort of singleton pregnancies and singleton children from cryopreserved/thawed cycles and fresh cycles, respectively. Comparisons were made with the Swedish Medical Birth Registry, which has been found to have high validity (Cnattingius et al., 1990) . During the time period of the study, SET dominated among IVF singletons, and it was possible to analyse SET and DET singletons separately. Cryo SET, n (%) Cryo DET, n (%) Fresh SET, n (%) Fresh DET, n (%) References (all non-IVF singletons in the general population), n (%) LGA (greater than +3 SD) 9 (0.6) 12 (1. LGA, large for gestational age; SD, standard deviation; PPROM, preterm premature rupture of the membranes. Composite, any: ,37 weeks, ,2500 g, SGA or perinatal mortality, composite, any serious: ,32 weeks, ,1500 g or perinatal mortality.
Limitations of this study are that adjustments could not be performed for some important confounders, such as if hormonal stimulation had been used in the cryopreservation cycles, since these data were not included in the registry during the study period. It has been suggested that hormonal stimulation might be one factor affecting obstetric outcome negatively since the outcome for singletons after cryopreservation cycles, which in most cases does not require hormonal stimulation, has generally been found to be at least as good as or even better than for singletons from fresh cycles (Wennerholm et al., 2009) . When comparing singletons from cryopreservation cycles with singletons from the general population, we found that the rate of extreme preterm birth was increased for singletons from cryopreservation cycles, while for most other perinatal outcomes crude OR was increased but these significances disappeared after adjustments for confounders. Two other large registry studies have investigated outcomes for singleton children after cryopreservation cycles in comparison with singletons from the general population (Pelkonen et al., 2010; Pinborg et al., 2010) . A similar pattern for perinatal outcomes as in the present study was found in these two studies. In the Danish study (Pinborg et al., 2010) , a significantly increased AOR was found for very preterm births while other significances disappeared after adjustments. In the Finnish study (Pelkonen et al., 2010) , significantly increased risks for preterm birth and LBW were detected for the infants from the cryopreservation cycles while other outcomes were found to be similar. The relatively small differences in outcomes between these studies might be attributable to different adjustment for confounders and/or selection of controls. In the present study, adjustment was performed for years of infertility, which was not done in the Danish or the Finnish study. Infertility length has been found in several earlier studies to be associated with a poor child outcome (Basso and Baird, 2003; Källen et al., 2005a Källen et al., , 2010a Sazonova et al., 2011b) .
The present study showed a lower rate of LBW in singletons from cryopreservation cycles than in singletons from fresh cycles. A better outcome for singletons from cryopreservation cycles than for singletons from fresh cycles has been found in several studies (Källen et al., 2005a; Wang et al., 2005; Shih et al., 2008; Pelkonen et al., 2010; Pinborg et al., 2010) . The exact reason for this effect is not known but it has been suggested to depend on hormonal stimulation and its influence on the endometrium in fresh cycles and/or positive selection of embryos by freezing/thawing procedures in the cryopreservation cycles (Shih et al., 2008) . However, we also found a higher rate of perinatal mortality and low Apgar score in singletons from cryopreservation cycles in comparison with fresh cycles, while SET, single embryo transfer; DET, double embryo transfer; OR, odds ratio; CI, confidence interval; SGA, small for gestational age;
LGA, large for gestational age; SD, standard deviation; PPROM, preterm premature rupture of the membranes. Composite, any: ,37 weeks, ,2500 g, SGA or perinatal mortality, composite, any serious: ,32 weeks, ,1500 g or perinatal mortality, adjusted ORs were obtained after stratification for year of birth, maternal age, parity, smoking, BMI and years of involuntary childlessness.
no such difference was noted between singletons from cryopreservation cycles and singletons from the general population. Earlier studies have not detected any differences in perinatal mortality between singletons from fresh and cryopreservation cycles and therefore this finding must be interpreted with caution. It might be a random finding due to several statistical comparisons being performed. Furthermore, the absolute rate of perinatal mortality was low and similar to that reported in other studies (Källen et al., 2005a; Pelkonen et al., 2010; Pinborg et al., 2010) . It should be noted that in the present study, the perinatal mortality in singletons from fresh cycles was extremely low (0.3% in SET and DET together) in comparison with findings in other recent studies (Pelkonen et al., 2010; Pinborg et al., 2010) . The higher rate of LGA in singletons from cryopreservation cycles in this study, both in comparison with fresh cycles and in comparison with singletons from the general population is, at least partly, a new finding that cannot be explained by a higher maternal BMI or rate of diabetes. Higher rates of LGA in singletons from cryopreservation cycles in comparison with singletons from fresh cycles have recently been reported from Finland (Pelkonen et al., 2010) and in a preliminary study from Denmark (Pinborg et al., 2011) . In the Danish study, the LGA rate was also significantly increased compared with the general population. In cattle and sheep, IVF stimulation and in vitro culture have been found to induce large offspring syndrome (Young et al., 1998) . The mechanism for this phenomenon is not known but epigenetic and metabolic abnormalities have been discussed (Young et al., 1998) . Macrosomic babies are at increased risk of adverse perinatal outcomes such as stillbirth, birth asphyxia, shoulder dystocia and associated injuries, hypoglycaemia, respiratory distress and perinatal mortality (Henriksen, 2008) . Maternal complications include increased rate of perineal tears, Caesarean section and postpartum haemorrhage. Macrosomia has been reported as a risk factor for childhood cancer (Källen et al., 2010b) and breast cancer (McCormack et al., 2003) and is associated with an increased risk of development of diabetes, overweight and metabolic syndrome later in life (Boney et al., 2005) . We also compared the rate of LGA (+3 SD) and birthweight .5500 g between cryo singletons and singletons from fresh cycles and singletons from the population. No significant differences in these rates were found.
We found a lower rate of placenta praevia in pregnancies from cryopreservation cycles than in fresh cycles. Several studies have detected a higher rate of placenta praevia in ART pregnancies when compared with spontaneous pregnancies (Jackson et al., 2004; Källen et al., 2005b; Shevell et al., 2005; Romundstad et al., 2006; Schieve et al., 2007; Healy et al., 2010) , with ORs varying between 2.3 and 6.0. Few studies have compared the risk of placenta praevia in cryopreservation cycles and fresh cycles (Healy et al., 2010; Pelkonen et al., 2010; Wikland, et al., 2010) . In one of these studies, there was also some evidence that fresh transfers were associated with an increased risk of placenta praevia (AOR 1.40, 95% CI 1.00-1.95) (Healy et al., 2010) . One possible mechanism is the ovarian stimulation used in fresh cycles, which may cause suboptimal endometrial function.
A higher rate of pre-eclampsia was noted for singleton pregnancies from cryopreservation SET/DET cycles compared with singleton pregnancies in the general population and from fresh cycles. Pre-eclampsia occurs at an increased rate in ART singleton pregnancies when compared with spontaneous pregnancies (Ochsenkühn et al., 2003; Jackson et al., 2004; Källen et al., 2005b; Shevell et al., 2005) and a meta-analysis based on eight studies reported a 1.5 increased risk of pre-eclampsia in ART singleton pregnancies (Jackson et al., 2004) . In a previous study, we also found significantly increased crude OR for pre-eclampsia in singleton pregnancies after SET and DET, including both fresh and cryopreservation cycles, when compared with singleton pregnancies in the general population. However, it disappeared after adjustment (Sazonova et al., 2011a,b) . To our knowledge, no study has compared pre-eclampsia in pregnancies after cryopreserved versus fresh cycles. The increased risk in cryopreservation cycles when compared with fresh cycles in our study is difficult to explain and needs to be confirmed in other studies.
In conclusion, this large registry study on perinatal and maternal outcomes in singleton pregnancies after cryopreservation in comparison with pregnancies from spontaneous conception showed that infants from cryopreservation cycles had a higher rate of extreme preterm birth, while for most other outcomes the results were similar. In comparison with singletons from fresh cycles, singletons from cryopreservation cycles showed a lower rate of LBW but a higher rate of low Apgar score and perinatal mortality. Singletons from cryopreservation cycles also had higher rates of LGA and macrosomia than both singletons from the general population and singletons from fresh cycles. A higher rate of pre-eclampsia was noted for the pregnancies after cryopreservation cycles while the rate of placenta praevia was lower than in pregnancies from fresh cycles. Although most of the results are reassuring, the finding of higher rates of LGA, macrosomia and perinatal mortality could indicate increased risks for children born after cryopreservation and emphasizes the need for further follow-up of children born after different ART techniques.
